Plant cells, animal cells, and bacterial cells all adapt their membrane lipids in response to growth temperature (11) . This adaptation is accomplished in large part by changes in the relative abundance of saturated and unsaturated fatty acids in the polar lipids of the cell (8) . In this way the lipids of the cell membrane are maintained in a fluid state, essential to biological function. An increase in growth temperature initially causes an increase in membrane fluidity (decrease in viscosity), which is antagonized by the synthesis of lipids containing an increased abundance of saturated fatty acids. In Escherichia coli, this adaptation is brought about primarily by the acylase enzymes, which synthesize phosphatidic acid from a-glycerol phosphate and fatty acyl-ACP (25) , and to a lesser extent by the regulation of endogenous pools of fatty acids (6) .
Previous studies in my laboratory have indicated that E. coli synthesizes lipids with an altered fatty acid composition when grown in the presence of alcohols (15) . Alcohols are known to intercalate within biological membranes (23, 24) and alter their fluidity. The spontaneous insertion of long-chain alcohols (C5-C8) has been shown to increase membrane fluidity using both electron spin resonance (13, 22) and differential scanning calorimetry (14) . E. coli adapts to the presence of these alcohols by an increased synthesis of phospholipids containing saturated fatty acids analogous to growth at an elevated temperature. Conflicting reports have been presented for the effects of short-chain alcohols (C1-C4) on membrane fluidity (13, 14, 22 (2 x 108 cells/ml). The fatty acid composition of these cells was determined essentially as described previously (15) . The mean standard deviation for all fatty acids from a variety of samples is 0.79%. Table   1 summarizes the effects of solvents and food additives on fatty acid composition. A series of concentrations of each agent was examined.
The concentrations reported approach the max- Growth in the presence of propionate resulted in the production of fatty acids with odd chain lengths. Both 15-carbon and 17-carbon saturated fatty acids, as well as 17-carbon unsaturated fatty acid, were found. The identity of these has been confirmed by mass spectroscopy. The synthesis of these unusual fatty acids probably results from the utilization of propionyl-ACP as a primer for fatty acid synthesis instead of acetyl-ACP. Indeed, in vitro studies of a variety of organisms (1, 4, 28) indicate that propionyl-ACP or propionyl-coenzyme A can compete with their respective acetyl derivatives in this capacity. Although E. coli does not alter its phospholipid composition extensively in response to growth temperature (9) , other organisms such as Clostridium butyricum vary their phospholipid composition as part of their adaptation to growth temperature (17) . Thus, the effects of the various additives on phospholipid content and composition were also examined ( (Table 1) . Growth in the presence of methyl paraben and ethylene glycol monomethyl ether resulted in a considerable increase in total phospholipid. The phospholipid composition of these, however, is very close to that of the control. Growth in the presence of sodium benzoate results in cells depleted in phospholipid. Smaller differences were observed with a variety of other additives.
In E. coli, phosphatidyl glycerol contains much higher levels of vaccenic acid than found in phosphatidyl ethanolamine (16) . Potentially, changes in the ratio of these two components could be responsible for some shifts in fatty acid composition such as those observed with amyl acetate and sodium sulfite. Clearly, this is not the basis for fatty acid changes with most additives. Indeed, in many cases such as acetone, cyclohexanone, and nitrite, the changes in phospholipids alone would lead to alterations in fatty acid composition opposite to those observed.
It is apparent from these studies that the lipid composition of cells is dramatically altered in response to the presence of lipophylic compounds in the environment as well as inorganic food additives and that these changes in lipid composition are not the result of any single catabolic pathway. Further, these changes are much too complex and diverse to be the result of any single mechanism. Compounds such as calcium propionate and sodium benzoate have dramatic effects probably at the level of fatty acid synthesis. Many of the other changes in fatty acid composition could be attributed to attempts by the cell to maintain a homeoviscous membrane (7, 26) . The less spectacular changes in individual phospholipid components could be expected to alter the charge distribution of the membrane. This coupled with changes in fatty acid composition could affect protein-lipid interactions as well as organization. Although these lipid changes did not affect morphogenesis and cell division in E. coli, analogous alterations in lipid composition in more complex eukaryotic systems could potentially have many effects on complex morphogenetic processes. Indeed, a variety of lipophylic agents and organic acids are known to be teratogenic (10, 12, 27) .
